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PROJECT OUTLINE 
INTRODUCTION 
Sugar fatty acid esters are used as additives in foods, cosmetics, medical supplies and oral-care 
products, and have been shown to possess antimicrobial properties. The current project is 
focussed on O-lauroyl sucrose as a representative compound for this class, due to its properties: 
 Antimicrobial effects include inhibition of Bacillus sp.  
and Lactobacillus plantarum [1]. 
 Eight possible monoester regioisomers  
(positions illustrated in fig. 1). 
 Conventional chemical production gives  
product mixtures, oligoacylation and by-products. 
AIM 
Develop methods for regioselective biocatalytic synthesis of O-lauryl sucrose regioisomers and 
investigate the antimicrobial properties of isolated regioisomers. 
OUTCOME 
Improved production efficiency can decrease costs and reduce environmental impact. 
Increased knowledge of antimicrobial properties can improve control and efficiency in application 
of these compounds. 
Sugar fatty acid esters represent a class of antibiotics that have seen little research and 
application in clinical context; advancements can lead to new antibiotic drugs. 
DESIGN-OF-EXPERIMENTS INVESTIGATION 
The RP-HPLC analysis of O-caproyl sucrose was investigated using an inscribed central composite 
(ICC) optimization design, performed in two replicates and with seven samplings of the centre point. 
Based on the improved regioisomer separation shown by Ritthitham et al. [2], from a step down in 
acetonitrile concentration, below the initial concentration, the elution gradients were determined by four 
variables, as defined in table 1. The variables described variations in elution parameters followed by a 
constant eluent composition, as illustrated in fig. 3. 
Table 1: Experimental variables. 
Variable Description Range 
A (%) Initial acetonitrile concentration 30-40 
B (min) Duration of initial concentration 2-6 
C (%) Mid-section acetonitrile concentration 20-40 
D (min) Duration of mid-section concentration 1-5 
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Figure 3: Chromatogram from RP-HPLC analysis of O-caproyl sucrose, with profile of eluent 
acetonitrile concentration (dotted line) and regioisomer sucrose positions annotated. 
Elution variables A = 35 %, B = 4 min, C = 30 %, D = 3 min. O-Caproyl sucrose regioisomer Rs-values:  
3ʹ-, N/A; 2-, 4.8; 4-, 6.6; 6-, 3.7; 1ʹ-, 1.2; 3-, 1.3; 6ʹ-, 4.1; 4ʹ-, 4.4. 
SEPARATION OF O-ACYL SUCROSE REGIOISOMERS 
The HPLC analyses resulted in resolution of the eight possible O-caproyl sucrose regioisomers, with 
baseline separation achieved for six regioisomers (fig.3). Rs-values ranged from 1.2 to 6.6. In most 
practical applications Rs ≥ 1.0 is considered the level of adequacy for analytical quantification, and all 
Rs-values were above this level. Regioisomer identification was based on previously obtained results 
[2, 3]. Visible resolution of all eight regioisomers and baseline separation between six regioisomers was 
also achieved for O-lauroyl sucrose by adjusting the eluent acetonitrile concentrations. 
MODELLING OF RETENTION TIMES 
The dataset from the ICC design was used for multivariate partial least-squares regression (PLS-R) 
modelling of the O-caproyl sucrose retention times, incorporating variable interactions between up to 
four variables and exponential terms up to exponent 4. 
The model showed good fit across the retention times, and most of the root-mean-square errors 
(RMSE) were less than twice the standard deviations (SDev) (see table 2). Thus, the actual prediction 
errors were of comparable size with the systematic variance of the HPLC-system. 
CONCLUSION 
A method for quantitative RP-HPLC analysis of regioisomers of O-caproyl sucrose was 
developed. Resolutions above the level of adequacy for quantification, Rs ≥ 1.0, were 
achieved for all regioisomers. 
Design of experiments and multivariate analysis were shown to be applicable and useful 
tools for method development in RP-HPLC analysis of sucrose fatty acid esters. 
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Figure 1: Sucrose structure.  
Haworth perspective formula of sucrose with 
carbon atom numbering. 
Table 2: Quality of fit for PLS-R model of sucrose O-caproyl retention times. 
Standard deviation (SDev) and root-mean-square errors (RMSE) are given as percentages relative to the mean of the centre 
point samples. The model was determined as optimal using three projection factors. 
 Regioisomers 
 3ʹ- 2- 4- 6- 1ʹ- 3- 6ʹ- 4ʹ- 
Rel. SDev (%) 1.8 1.9 2.0 2.1 2.0 2.1 2.3 2.3 
Rel. RMSE calib. (%) 7.0 6.6 4.4 4.0 3.8 3.9 3.7 3.5 
Rel. RMSE valid. (%) 7.1 5.8 3.4 3.4 3.3 3.4 3.3 3.3 
R
2
 calib. 0.90 0.90 0.93 0.94 0.93 0.93 0.92 0.91 
R
2
 valid. 0.87 0.87 0.93 0.91 0.91 0.90 0.89 0.86 
 
REVERSED-PHASE HPLC 
RP-HPLC analysis of O-acyl sucrose using isocratic elutions of acetonitrile  in water showed that 
increasing the eluent acetonitrile concentration decreased the regioisomer retention times, and  
O-lauroyl sucrose was more strongly retained than O-caproyl sucrose (see fig. 2). The 1ʹ-O-caproyl 
regioisomer was resolved only in the concentration range 31-37 %, and the 1ʹ-O-lauroyl regioisomer 
was resolved below 42 % acetonitrile. Outside these thresholds, the regioisomers co-eluted with either 
the preceding or the following regioisomer (6- and 3-, respectively). The relationship between eluent 
composition and retention times was best approximated by polynomials of degree 4.  
 
Figure 2: Regioisomer retention times as function of eluent acetonitrile concentration for 
isocratic elutions. a) O-caproyl sucrose, b) O-lauroyl sucrose. Regioisomers are ordered bottom to top corresponding to 
increasing retention time in fig. 3. 
a) b) 
